1. Introduction {#s0005}
===============

Ovarian functions are regulated by many factors, including gonadotropin, transforming growth factor β (TGFβ), various cytokines, and retinoic acid (RA). RA is the active metabolite of vitamin A and is synthesized from retinol by retinol dehydrogenase (RDH) and retinaldehyde dehydrogenase (RALDH) [@bib1]. RA exerts its activity by acting as a ligand for RA receptors (RARs) and retinoid X receptors (RXRs). RA mediates many physiological functions, including embryogenesis [@bib2] and reproduction. In female rats, severe vitamin A deficiency prior to mating leads to reproductive failure prior to implantation [@bib3]. Maternal vitamin A also plays a role in placental development and maintenance [@bib4]. In addition, several studies have indicated that retinoids have important effects on oocyte maturation and function [@bib5], [@bib6].

Previous studies have reported that RA enhances steroid production in several different cell types. For example, in MA-10 mouse Leydig cells, RA increases progesterone production by upregulation of steroidogenic acute regulatory protein (StAR) expression [@bib7], and in rat hippocampal slice cultures, RA increases 17β-estradiol and testosterone levels through upregulation of cytochrome P450~17α~ expression [@bib8]. In the ovary, Bagavandoss et al. reported that retinoids increase luteinized granulosa cell (GC) progesterone accumulation in gonadotropin-primed rat ovaries [@bib9]. In a recent study, Kipp et al. reported that activin regulates the RA pathway to modulate GC proliferation and ovarian functions [@bib10]. Because activin plays a key role in early follicle development [@bib11], it has been hypothesized that RA may affect GC function, including steroidogenesis, during the early follicle stage. However, the effects of RA on steroidogenesis in GCs during the early follicle stage are still unclear.

In the present study, we investigated the effects of all-*trans*-RA (atRA) on progesterone production in immature rat GCs cultured without gonadotropin. Our results indicated that atRA enhanced progesterone synthesis through cAMP/protein kinase A (PKA)/cAMP response element-binding protein (CREB) signaling in GCs during the early follicle stage. Thus, these results provide important insights into the mechanisms of RA signaling in GCs.

2. Materials and methods {#s0010}
========================

2.1. Hormones and reagents {#s0015}
--------------------------

DMEM/Ham\'s nutrient mixture F-12, diethylstilbestrol (DES), atRA, and H-89 dihydrochloride hydrate were purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). Gentamicin sulfate and fungizone were purchased from Invitrogen Corp. (Carlsbad, CA, USA). The RNA labeling kit and nucleic acid detection kit were purchased from Roche Diagnostics (Indianapolis, IN, USA).

2.2. Animals {#s0020}
------------

Immature female Wistar rats (Japan SLC, Inc.) were maintained at all times according to the NIH *Guide for the Care and Use of Laboratory Animals* and the policies of the Gunma University Animal Care and Use Committee. Animals were housed in a temperature- and light-controlled room (12-h light, 12-h dark cycle; lights on at 6:00 AM) with food and water provided ad libitum. All experiments were approved by the Gunma University Animal Care and Use Committee.

2.3. GC culture {#s0025}
---------------

GCs were obtained from immature female Wistar rats injected daily for 4 days with 2 mg DES in 0.2 mL of sesame oil. The ovaries were then excised, and the GCs were released by puncturing the follicles with 26-gauge needles. GCs were washed and collected by brief centrifugation, and cell viability was determined by trypan blue exclusion. The GCs were then cultured in DMEM/Ham\'s nutrient mixture F-12 supplemented with 20 mg/L gentamicin sulfate, 500 μg/L fungizone, and 1 g/L BSA on collagen-coated plates in a humidified atmosphere under 5% CO~2~ at 37 °C.

2.4. RNA isolation and reverse transcription {#s0030}
--------------------------------------------

GCs were cultured in 35-mm dishes containing 2.5×10^6^ viable cells in 2.5 mL of medium, and the test substances were added to the medium after 24 h of culture. GCs were further incubated, and the cultures were stopped at selected times using Isogen (Nippon Gene, Toyama, Japan). The final RNA pellet was dissolved in diethylpyrocarbonate-treated H~2~O. Total RNA was quantified by measuring the absorbance of samples at 260 nm. Isolated RNAs (2 μg of each sample) from the GC cultures were treated with deoxyribonuclease I (Invitrogen) to eliminate residual genomic DNA. These RNAs were reverse transcribed with random primers, 10 mM deoxynucleoside triphosphate mix, and SuperScript III reverse transcriptase (Invitrogen) according to the manufacturer\'s protocol. The reactions were incubated for 5 min at 25 °C, 60 min at 50 °C, and 15 min at 70 °C in a thermal cycler. To remove cRNA, ribonuclease H was added to the cDNAs and incubated for 20 min at 37 °C.

2.5. Reverse transcription polymerase chain reaction (RT-PCR) {#s0035}
-------------------------------------------------------------

To amplify rat Rar, Rxr, Raldh, and ribosomal protein L19 (Rpl19) cDNAs, RT-PCR was employed according to the manufacturer\'s instructions using an Advantage2 PCR Kit (TaKaRa Bio, Inc., Shiga, Japan). The PCR protocol was as follows: 95 °C for 1 min, 33 cycles of 95 °C for 30 s and 68 °C for 1 min, and a final extension at 68 °C for 1 min. The primer pairs use in this study are shown in [Table 1](#t0005){ref-type="table"}. Amplification products were resolved on 2% agarose gels and stained with 0.25 μg/mL ethidium bromide. The gel image was photographed, and band intensities were analyzed using NIH ImageJ (version 1.60). The bands were excised from the gel, purified, and characterized by DNA sequencing.Table 1RT-PCR primer pairs.Table 1GenePrimer*Rarα* Forward5′-GTGTCACCGGGACAAGAACT-3′ Reverse5′-GGGCTTGGGTGTTTCTTTCT-3′  *Rarβ* Forward5′-GCTTCGGTCCTCTGACTGAC-3′ Reverse5′-GGCGGTCTCCACAGATTAAG-3′  *Rarγ* Forward5′-CAGCATCCAGAAAAACATGG-3′ Reverse5′-TTCCGGTCATTCCTTACAGC-3′  *Rxrα* Forward5′-GTCAAGCAGCAGACAAGCAG-3′ Reverse5′-GAGAAGGAGGCAATCAGCAG-3′  *Rxrβ* Forward5′-AGACTGCACAGTGGACAAGC-3′ Reverse5′-GTTGTCGCTCCTCCTGTACC-3′  *Rxrγ* Forward5′-TTGCTGATTGCCTCCTTCTC-3′ Reverse5′-CTTGGACACCAGCTCTGTGA-3′  *Raldh1* Forward5′-GGGCCATCACTGTGTCTTCT-3′ Reverse5′-CATCTTGAATCCACCGAAGG-3′  *Raldh2* Forward5′-TGAGTTTGGCTTACGGGAGT-3′ Reverse5′-AAGGAGGCCTGGTGATAGGT-3′  *Raldh3* Forward5′-ATCAACAATGACTGGCACGA-3′ Reverse5′-CTTGTCCACATCGGGCTTAT-3′  *Rpl19* Forward5′-AGCCTGTGACTGTCCATTCC-3′ Reverse5′-GGCAGTACCCTTCCTCTTCC-3′

2.6. Quantitative RT-PCR {#s0040}
------------------------

Quantitative RT-PCR was performed using the EagleTaq Universal Master Mix with ROX (Roche Diagnostics) and an ABI PRISM 7000 sequence detection system (Applied Biosystems, Foster City, CA, USA) according to manufacturers' instructions. The quantitative PCR conditions were as follows: initial denaturation at 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The primers and probes for each gene were purchased from Applied Biosystems (steroidogenic acute regulatory protein: Rn00580695_m1; cytochrome P450, family 11, subfamily a, polypeptide 1: Rn00568733_m1; 3 beta-hydroxysteroid dehydrogenase/delta-5-delta-4 isomerase type II: Rn01789220_m1; and eukaryotic *18S* rRNA: Hs99999901_s1 as an internal control). Relative quantification of mRNA was carried out using the comparative threshold cycle (CT) method.

2.7. Intracellular cAMP assay {#s0045}
-----------------------------

Intracellular accumulation of cAMP was measured using a Cyclic AMP EIA Kit (Cayman Chemical Co., Ann Arbor, MI, USA). GCs were cultured in 24-well culture plates containing 5×10^5^ viable cells per well in 0.5 mL of medium. After 24 h, the cells were incubated for 30 min in fresh medium in the presence of 0.5 mM 3-isobutyl-1-methylxanthine. Various concentrations of RA were then added to the wells, and the cells were incubated for an additional 30 min. After incubation, the cells were lysed, and intracellular cAMP levels were measured according to the manufacturer\'s instructions.

2.8. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis {#s0050}
---------------------------------------------------------------------------------------------------

GCs were cultured in 35-mm dishes containing 2.5×10^6^ viable cells in 2.5 mL medium. After 24 h, the cells were incubated with or without H89 for 30 min at 37 °C, and RA was then added to the medium. After incubation, the cells were washed twice with 0.5 mL of cold buffer (20 mM HEPES, 0.15 M NaCl, pH 7.4). Cells were then lysed in RIPA buffer (150 mM NaCl, 50 mM Tris, 1 mM EDTA, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, and protease complete inhibitor, pH 7.4) supplemented with 200 mM NaF and 200 mM sodium orthovanadate for 40 min with rotation at 4 °C. Lysates were clarified by centrifugation at 20,000×*g* for 10 min at 4 °C and stored at −80 °C. Protein lysates (25 μg) were resolved on 12% SDS gels and electrophoretically transferred to polyvinylidene difluoride membranes. After blocking, membranes were incubated overnight at 4 °C with rabbit anti-phospho-CREB (1:2000) or rabbit anti-CREB (1:2000) antibodies (Cell Signaling Technology, Beverly, MA, USA). After washing in Tris-buffered saline with Tween 20, the membranes were incubated at room temperature for 60 min with horseradish peroxidase-conjugated goat anti-rabbit IgG antibodies (no. 170-6515, 1:40,000 dilution; Bio-Rad Laboratories, Hercules, CA, USA). The proteins were visualized using enhanced chemiluminescence (Immobilon Western; Millipore). Luminescence was quantified by scanning the films with a CCD camera and digitizing the data using NIH ImageJ version 1.60.

2.9. Progesterone analysis by enzyme-linked immunosorbent assay (ELISA) {#s0055}
-----------------------------------------------------------------------

Progesterone accumulation was measured using a Progesterone EIA Kit (Cayman Chemical Co.). GCs were cultured in 24-well culture plates containing 5×10^5^ viable cells per well in 0.5 mL of medium, and the reagents were added to the medium after 24 h of culture. After incubation, the culture medium was collected, and the concentration of progesterone was measured according to the manufacturer\'s instructions.

2.10. Data analysis {#s0060}
-------------------

The data represent the means±standard errors of the means (SEMs) from at least three independent experiments. Comparisons between groups were performed by one-way analysis of variance (ANOVA). The significance of the differences between the mean values of the control group and each treated group was determined using Scheffé\'s multiple-comparison test. Differences with *P* values of 0.05 were considered significant.

3. Results {#s0065}
==========

3.1. Expression of Rar, Rxr, and Raldh in GCs {#s0070}
---------------------------------------------

First, we investigated the expression of *Rar*, *Rxr*, and *Raldh* mRNA in primary GC cultures using RT-PCR ([Fig. 1](#f0005){ref-type="fig"}). The results revealed that *Rarα*, *Rarγ*, *Rxrα*, *Rxrβ*, and *Raldh1* mRNAs were expressed at constant levels, while low levels of *Rarβ*, *Rxrγ*, *Raldh2*, and *Raldh3* mRNAs were found. cDNAs from rat brain tissues and liver tissues were used as positive controls, and PCR products were detected as DNA bands (data not shown).Fig. 1Expression of Rar, Rxr, and Raldh isoforms in rat GCs. GCs from DES-primed immature rats were cultured for 24 h. Levels of *Rarα*, *Rarβ*, *Rarγ*, *Rxrα*, *Rxrβ*, *Rxrγ*, *Raldh1*, *Raldh2*, and *Raldh3* mRNAs (in triplicate) were determined by RT-PCR analysis. (A) Representative autoradiograms illustrating the expression of *Rar*, *Rxr*, and *Raldh* mRNAs using 2 μg of total RNA. (B) Results show the corresponding intensities of *Rar*, *Rxr*, and *Raldh* bands normalized with the corresponding *Rpl19* bands. Data in the bar graphs represent the means±SEMs from three independent experiments.Fig. 1

3.2. atRA enhanced progesterone synthesis via upregulation of StAR and cytochrome P450scc (Cyp11a1) mRNAs {#s0075}
---------------------------------------------------------------------------------------------------------

Next, we examined the effects of atRA on progesterone synthesis by analysis of progesterone accumulation in primary rat GC cultures incubated with atRA (0.1--30 μM) for 9 h ([Fig. 2](#f0010){ref-type="fig"}A). Progesterone synthesis was enhanced by 4.88±0.98 fold following treatment with 30 μM atRA compared with that at baseline. In contrast, progesterone accumulation after treatment with 0.1--10 μM atRA was not significantly enhanced. We also investigated the effects of atRA on the expression levels of *StAR*, *Cyp11a1*, and 3β-hydroxysteroid dehydrogenase (*3β-HSD*) mRNAs. GCs were cultured for 3--12 h with or without atRA (30 μM; [Fig. 2](#f0010){ref-type="fig"}B--D). Treatment with atRA resulted in significant augmentation of *StAR* and *Cyp11a1* mRNA levels at all times. In contrast, *3β-HSD* mRNA was unaltered. GCs were also cultured with different concentrations of atRA (10 or 30 μM) for 6 h ([Fig. 2](#f0010){ref-type="fig"}E--G). After treatment with 30 μM atRA, *StAR* and *Cyp11a1* mRNA levels were increased by 25.5±3.73 and 7.48±1.50 fold compared with their respective basal values. By contrast, *StAR* and *Cyp11a1* mRNA levels were higher after treatment with 10 μM atRA than that at baseline; however, these differences were not statistically significant.Fig. 2Effects of atRA on progesterone synthesis and the mRNA levels of *StAR*, *Cyp11a1*, and *3β-HSD* in rat GCs. (A) GCs from DES-primed immature rats were cultured for 24 h. The cells were then further incubated with atRA for 9 h. Progesterone accumulation was then measured in the culture medium using ELISA. As an additional control, the cells were also treated with DMSO in the absence of atRA. Data in the bar graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01 compared with untreated cells. (B--D) GCs from DES-primed immature rats were cultured for 24 h. The cells were then further incubated with or without atRA (30 μM) for the indicated times. *StAR*, *Cyp11a1*, and *3β-HSD* mRNA levels were determined relative to that of *18S* rRNA by quantitative RT-PCR. The amount at 0 h for each target was set as 1. Data in the line graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01 compared with the control (no treatment) at the same time. (E--G) GCs from DES-primed immature rats were cultured for 24 h. The cells were then further incubated with 10 or 30 μM atRA for 6 h. *StAR*, *Cyp11a1*, and *3β-HSD* mRNA levels were determined relative to that of *18S* rRNA by quantitative RT-PCR. As an additional control, the cells were also treated with DMSO in the absence of atRA. The basal amount of each mRNA was set as 1. Data in the bar graphs represent the means ± SEMs from three independent experiments. \*\**P*\<0.01 compared with the basal level.Fig. 2

3.3. Effects of atRA on cAMP/PKA/CREB signaling {#s0080}
-----------------------------------------------

We then evaluated changes in intracellular cAMP concentrations following the addition of atRA (10 or 30 μM, 30 min) in GCs pre-incubated with 0.5 mM 3-isobutyl-1-methylxanthine for 30 min ([Fig. 3](#f0015){ref-type="fig"}A). Intracellular cAMP accumulation was enhanced by atRA. The response observed at 30 μM was 12.5±4.02 fold higher than the basal value. Because cAMP has been known to activate the PKA pathway which, in turn, induces CREB phosphorylation, we next investigated the effects of atRA on the phosphorylation of CREB. GCs were cultured for 15--60 min with atRA (30 μM), and western blot analysis was performed to assess the phosphorylation of CREB ([Fig. 3](#f0015){ref-type="fig"}B and C). The data showed that phosphorylation of CREB was increased by 2.09±0.04 fold following 30 min of atRA treatment.Fig. 3Effects of atRA on intracellular cAMP accumulation and phosphorylation of CREB. (A) GCs from DES-primed immature rats were cultured for 24 h. The cells were then incubated for 30 min in fresh medium in the presence of 0.5 mM 3-isobutyl-1-methylxanthine. Then, 10 or 30 μM atRA was added, and cells were incubated for an additional 30 min. The cells were then lysed, and intracellular cAMP levels were determined by ELISA. As an additional control, the cells were also treated with DMSO in the absence of atRA. Data in the bar graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01 compared with the basal level. (B, C) GCs from DES-primed immature rats were cultured for 24 h. The cells were then incubated with atRA (30 μM) for the indicated times. Whole cell lysates were used for western blot analysis. (B) Levels of phosphorylated CREB (P-CREB) and total CREB (T-CREB). (C) Relative ratios of P-CREB to T-CREB. The basal ratio was set as 1. Data in the line graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01 compared with the basal level.Fig. 3

3.4. The effects of atRA on the upregulation of progesterone synthesis were mediated by the PKA pathway {#s0085}
-------------------------------------------------------------------------------------------------------

To investigate whether activation of cAMP/PKA/CREB signaling by atRA was involved in the enhancement of progesterone synthesis, we next examined *StAR* mRNA expression, *Cyp11a1* mRNA expression, and progesterone accumulation during treatment with H-89 (a PKA inhibitor). We found that concurrent treatment with 40 μM H-89 blocked the effects of 30 μM atRA on CREB phosphorylation ([Fig. 4](#f0020){ref-type="fig"}A and B). Moreover, pretreatment for 30 min with 40 μM H-89, followed by 6 h of treatment with 30 μM atRA significantly blocked the atRA-dependent upregulation of *StAR* and *Cyp11a1* mRNA expression ([Fig. 4](#f0020){ref-type="fig"}C and D). Notably, H-89 alone did not affect *StAR* and *Cyp11a1* mRNA expression compared with that in untreated cells. We next examined the effects of H-89 on progesterone synthesis in GCs. GCs were pretreated for 1 h with or without 40 μM H-89 and then cultured for 9 h in the absence or presence of 30 μM atRA ([Fig. 4](#f0020){ref-type="fig"}E). H-89 significantly reduced progesterone accumulation induced by atRA, whereas H-89 alone did not affect progesterone accumulation compared with that in untreated cells. These results demonstrated that the cAMP/PKA/CREB pathway was important for mediating the effects of atRA on progesterone synthesis.Fig. 4(A, B) Effects of pathway blockade in atRA-induced phosphorylation of CREB in rat GCs. GCs from DES-primed immature rats were cultured for 24 h, pretreated with H-89 for 30 min, and then treated with atRA for 30 min. Whole cell lysates were used for western blot. (A) Representative autoradiograms show levels of P-CREB and T-CREB. (B) Relative ratios of P-CREB to T-CREB. The basal ratio was set as 1. Data in the bar graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01. (C, D) Effects of PKA inhibition on *StAR* and *Cyp11a1* mRNA expression in rat GCs. GCs from DES-primed immature rats were cultured for 24 h. These cells were pretreated with H-89 for 30 min and then treated with atRA for 6 h. *StAR* and *Cyp11a1* mRNA levels were determined relative to that of *18S* rRNA by quantitative RT-PCR. The basal amount of each mRNA was set as 1. Data in the bar graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01. (E) Effects of PKA inhibition on progesterone synthesis in rat GCs. GCs from DES-primed immature rats were cultured for 24 h, pretreated with H-89 for 1 h, and then treated with atRA for 9 h. Progesterone accumulation in the culture medium was then measured by ELISA. Data in the bar graphs represent the means±SEMs from three independent experiments. \*\**P*\<0.01.Fig. 4

4. Discussion {#s0090}
=============

In the present study, we aimed to elucidate the effects of atRA in GCs. Our data showed that atRA upregulated *StAR* and *Cyp11a1* mRNAs via the cAMP/PKA pathway and enhanced progesterone production in immature rat GCs.

RA is a metabolite of vitamin A, and RA synthesis from the dietary precursor retinol occurs via two sequential enzymatic reactions. The first reaction, from retinol to retinaldehyde, is facilitated by enzymes with RDH activity, whereas the second reaction, from retinaldehyde to RA, is carried out by enzymes with RALDH activity [@bib1]. The critical step in RA synthesis is the irreversible conversion of retinaldehyde into RA by RADHLs [@bib12]. RA exerts its activity by acting as a ligand for two families of ligand-activated nuclear receptors, RARs and RXRs, each of which has three subtypes (α, β, and γ) [@bib13], [@bib14]. RARs and RXRs form a heterodimeric complex, which binds RA response elements [@bib15]. In this study, we found that immature GCs expressed *Rarα*, *Rarγ*, *Rxrα*, *Rxrβ*, and *Raldh1* mRNAs. These results suggested that RA was involved in mediating the functions of immature GCs.

Progesterone synthesis is regulated by StAR, Cyp11a1, and 3β-HSD. StAR transports cholesterol from cellular stores to the inner mitochondrial membrane which serves as a key regulatory step in steroidogenesis [@bib16]. Cyp11a1 converts cholesterol to pregnenolone, whereas 3β-HSD converts pregnenolone to progesterone. Our results show that atRA enhances progesterone production through upregulation of *StAR* and *Cyp11a1* mRNAs, without affecting *3β-HSD* mRNA levels. In contrast with these findings, Manna et al. reported that RA enhances StAR expression but not Cyp11a1 or 3β-HSD expressions in MA-10 mouse Leydig cells [@bib7]. Therefore, these data suggest that RA enhances progesterone production in both GCs and Leydig cells by activating StAR. Further studies are needed to clarify the mechanisms regulating these enzymes, including analysis of the promoter functions of these enzymes in different cell types.

Steroidogenesis is regulated by both cAMP/PKA-dependent and cAMP/PKA-independent signaling pathways [@bib17]. Several studies have shown that RA stimulates intracellular cAMP production in various cellular models [@bib18], [@bib19]. Therefore, we hypothesized that atRA would enhance progesterone production by activating the cAMP/PKA signaling pathway. The results of the present study support this notion since atRA enhanced intracellular cAMP accumulation and phosphorylation of CREB, and treatment with a PKA inhibitor abolished the stimulatory effects of atRA. A previous study reported that adenylate cyclase activation could be responsible for the RA-triggered activation of cAMP signaling in acute promyelocytic leukemia cells [@bib18]. In addition, another previous study reported that retinoids increase cAMP production via binding to or interacting with RXR/LXR/RAR in MA-10 cells [@bib7]. Therefore, we speculate that atRA may bind to RAR/RXR and cause activation of adenylate cyclase. Further studies are needed to investigate the detail mechanisms underlying the signaling relationships between nuclear and cell-surface receptors.

Progesterone is an important substrate for other steroids, including estrogens, and several studies have suggested that estrogens have a positive role in follicle development [@bib20]. In addition, activin has been shown to regulate the RA pathway to modulate GC proliferation [@bib10]. Therefore, progesterone induced by RA in early follicles may be used as a substrate for estrogens in order to promote follicle development. Consistent with this notion, we have observed that atRA enhances aromatase activity in cultured GCs (data not presented). However, further studies are needed to confirm this hypothesis because cytochrome P450~17α~, which converts progesterone to androstenedione, is expressed at very low levels in GCs.

In conclusion, we have demonstrated that atRA enhanced progesterone production via the cAMP/PKA signaling pathway in immature rat GCs. Our results suggest that atRA may have an important role in GCs during the early stages of follicle growth.

 {#s0100}

Supplementary material.

Supplementary material.

Supplementary material.

Supplementary material.

Supplementary material.

Supplementary material.

We thank Hiroko Matsuda and Junko Sakurai for their excellent technical assistance and Rika Kuroda for her excellent secretarial assistance. This work was supported by a Grant-in-Aid for Scientific Research (B) (21390448) from the Ministry of Education, Culture, Sports, Science, and Technology of Japan. We would like to thank Editage ([www.editage.jp](http://www.editage.jp){#ir0005}) for English language editing.

Transparency document associated with this article can be found in the online version at [doi:10.1016/j.bbrep.2016.08.013](http://dx.doi.org/10.1016/j.bbrep.2016.08.013){#ir0010}.
